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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method which is capable of cutting an object 
for machining without the occurrence of melting and a 
crack deviating from a planned cutting line on the 
surface of the object for machining. 
SOLUTION: This laser beam machining method has a 
process step of irradiating the inside of the object 1 for 
machining with the laser beam by aligning a condensing 
point P thereto and forming a reformed region which is a 
planned cutting section within the inside of the object 1 
for machining along the planned cutting line 5 of the 
object 1 for machining and a process step of exerting a 
stress to the object 1 for machining after the formation 
of the reformed region which is the planned cutting 
section and growing the crack initiating from the 
reformed region within the object 1 for machining as a 
start point tilt the surface of the subject 1 for 
machining, thereby separating the object 1 for machining. 
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TBufEAPX^^Sr^gtiTSXilli:. £HS*.S U— tfiP 
[0 0 0 i ] 

[0 0 0 2] 

[«f*OSt5] U-Hf)SfflO— OtgjBUftffc^ U-+f 
[0 0 0 3] 

m%y5±-?2>?i&tLT, mxi£, M2000-2 1 

9 5 2 8 ^$g-S>t#B3 2000-15467 ^«fcBB 

.tDipssu ^e-LTipxw^^ai-rscttctt), 

[0 0 0 4] LfrU cne»0^$gO^)Sf7a}*Tn±, iP 
jiUimBA * ttfc #5 XStg^MtS/ < * - 
[0 0 0 5] ^fgH^oa^jfi, iPXW^<?D*ffi^^ 



vu-ifipx^s^aet-rsctT-feSo 

[0 0 0 6] 

? v -y ? ^riPXM^O^ffiS -T-fiJcfiS-STiPX^te 

[0007] u— «f*px*}*n:«tnif, fta 
*PX^f^©rtgp»c%SI^*^fi)cLTV"'So Jraxttii 

9Hz:fl& U— "fiPXT^ffilckntf, »KfS«*iej£ti: L 
T^BUt^^ Mcjfto TjbPXttgt^tf fijns c i: fr <fc 
4plJ*ft»*«I»ft- *cfc*^*a 0 ioT, Jt« 
W'hS T'ibPX*f£$|%gjWr-f S Ci:^T't-S©T% 

20 ' ~ipxw»%©gffitc^^^^>^'5'^n'fc^s« 

So 

[0 0 0 8] #fSW£&SU-1fAPX;fifcfc£«}:*i 

So iot, Api*t*%©*s5-c{±U'— yyttmtAsf 

T'&So ^]»f^5'l'>'«it)PX^S{%©^lS J f»F , 3gPC^ 
30 ftpx^^c\©jS^©fflip»i % PAtf, iPX*f^K3f 

[0 0 0 9] 

ov^THffi^-fflt^TittB^-rso ^mwmizm^i^—^ 

So ^?9ftlRttU— «fJttO»**IHItK** < LfcJi 

[0 0 10] «-^©KH2©^>'K4 ;r i'-v^'EcJ:t) fctt 
40 ?©x^.;l/^— h v*vj^^i:^B?iti:jSWi:*:So <t 
oT, ttnicWil&ti^KZ&mih v>Ect?feS 0 U 

<t2)i:nhv>Eci?)M (n = 2, 3, 4, ••• 
T-SS) T-«^{cKiK*^i:So Cl©S^*^?©lR 

t^oo JWxifacoWj^ is—tfytommns—yytto 

^.tf tf— ^-'^y— m&tfl x 1 0 s (W/cm ! ) J.^±© 
^CfettS U— +Fft© 1 -'^bXSfc D ©x^;l/^-) 
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ls-Wt<Dm%&COnft&l3. (W/cm 2 ) fi*SS. 
[0 0 1 1] C©«fc3ft£^«iR*fiJffl**:^M0B 

mm-?z>o m i « u— *f tpx^oinxw^ i 

T*fe !3 . m 2 ti^ i t^-rinxw^ 1 © I i - 1 i & 

iCjfto fc»rB[gT-& 9 s 0 3 f± u— If iPXfg©;&PX*J#l 
% 1 <D¥EI3T-2d 0 , 0 4 t±0 3 tC^-riOX^I* 1 <0 
I V- I V^cjftofcKrffi^T'feO, 0 5tt0 3K^-r 

Apx^fSjiov-vjgt^ofeKfsia-es&D, i^6t± «> 

[0 0 12] m 1 RtfEl 2 C^-T <fc -5 ;&PX*fg$&ll 
oaffi3lC{±«JWf^^-l'>5A^So Wfttt^J^ 
5 ttifi»Kfc:iStf fcfiBg«-p*S 0 *^S60gffiK^S U 
— «f ftpxtt, ^jie?gftiR^ua*frTinmtft«j 1 © 
lysine p ^r-a-^-a-r u— »m l ^tannm^i 1 1 

[0 0 13] U-tf«X*«»rR£5'l'>5fc:}&oT 
(■r%t5^^EP'A73lR)KrtfoT) fflftWK&ifrS 20 

CtUcfcO, E3~0 5tc^-r<fc9^^Sffilg7 
*^Wf^S-7-f' > 5 lc»-3 TiPXM^ 1 ©rtgPC©* 
JBlSSnSo *H«BBJSfc«S U— f*PX73ii{±, iPX 

3t»» 1 a< u— *fft l *»iK-r * c t £ «fc *) taxm% 

1 £»&£-eT&S^7£Jgj£T5©Ttt&^ 0 API 

1 fci^rftL*aa*-a3Hi3tfc» 1 ©^awc 

oT, iPXfcfiMfc 1 <DS®3T?f±U— •fftLtflih/^if 
M2ti&vvDT\ huTttma 1 ©Sffi 3 tfiSIJ-r & C 30 

[001 4] toJLMm® 1 ©gjBrKfc^T, gjHrrstS 

t\ 0 6 fcjjvr <fe 3 KJ±t£W/h£fc;fc^;bpi*fr&*& 1 £• 

WtSCttfftSo ioL SPX*f#sUl<D«ffi3 
t4^SSSin*^4?tf5 C i: & < APlttSMfc 1 O^J 

[0 0 15] £43, 3feH«H«*e^fcLfciPXJtf*^0 

fiSctf, fipx#iM%KA&w&;ftaWP2nsc£c«}: « 

•3, 3lfl««*iEj«i:UTiPXi«fc**<«!in, APlttti 
TiPXm^ltfttf JS^-£A,»rJE2j*AP*fc 0 , API 



T\ 9JW*»J»J:< , r*{ifc3b^*ao ->'Jn> 
^x^cD^ji&'i'x^OJf SfctSSK&Sfgfa 

So 

[0 0 16] ST, *H«i^jBlc43V-T^?©iR{c«k 
•j«*Stia?!lK««fcLT, &<D (1) ~ (3) 

[0017] ( 1 ) "3Xtt«»© * 9 * 

ortSIJfe:**fijS*^-t>-&r, mfttktc 

*5^?>mW3ifiAM x 1 0 s (W/cm 2 ) W±T'*^/^ 

^•y^ti^JBfiStT'^S^T'feSo cntci:'?, Spx 

ftw«*-rs. c©^«ja*t:j:»)inx»*«i<ortaj 

0U*ari x l 0 12 (W/cm 2 ) TfeSo /U-Xtg 
tifl^Jxtf 1 ns~200ns L(/\, **5, ^)t^ 

— If^iPXW^SfeX* (1 9 98^. 1 2^) OS2 
3l~lg2 8lO ra^U— »f-iSS|jgt«tS^-7XS 

[0 0 18] *S6W#tt, mW3S«i:^^>y^OAI?S 

(A) liDlSii:/WU7^X 
OSS 7 0 0/im) 

(B) If 

MM : vfAiBN d : Y A G 

?KS : 1 0 6 4 n m 

U-1f^X^^ hWfffiffi : 3. 14xio- 8 cm 2 

«*)5gLjaifia : 100kHz 
^JlZsfyM :30ns 
mil : ttiti< lmJ/^l/X 
b-f^n a pi : T E Moo 

(O n&tmis>x 

(d) ftpx*f**A^««*nsw«feo»»afi : i o 
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0mm/8 

vfttDi&mmm s TO****- £ » 

[0 0 19] H 7 tt±EH«Olg**St ^77T6 

£o ^7 7 * ©IAT'/Tt f - ^ ^Mffl U>X (C) 
(Dfgmtfl 0 0{g, HQft (NA) #0. 8 0 01^7 

X (C) OjgftfSOft MPS (NA) #0. 5 5<D 
«-&TfeSo Vf— 1 0 11 (W/cm 2 ) 

v b t>±%< ft frZ> 0 

[o 02 o] m^: *nmffimiz&%is-y t toj:iz&i*~ m- 

XAlCO^TH8—H 1 1 ^ffl^TIttWrrSo H8^ 

P *£*>-eT if 3tt L **px»«i* l £!H 
I* LTM?£7^ Vtc^o TfiSPk: 

j££LT^^tf2£tCjSfiU H l 0tc*cr£5lc 

z^vtmvoLmm i ^a®3 £gB2 i fcKau 

H l i tc^-r cfc -5 jcJpXjWW* i *<SU*i£ c £ J: 0 in 30 
I»ft*itf«(fSnSo iPXWftttioaBBkKffilcSJ 

»*Jc*WB34pSn*Cfc»i: < J:Oj««-rs»frfe*So 
[0 0 2 1] (2) %K««vsik«ui««o*d 
U-1fJlfi*iPX3«fc* (WAtfS/Unvoiaa^NH* 

Sfifitfi x 1 o 8 (W/cm 2 ) O±wo;<;l/XS*M 
/isOT^raittSo ctifc:J:t)4pxj«fc*<0rt 

lc<fc t)4px^»ortfffc:*»«i3l««*<«ric*nSo 40 

MSB. *»a«fififc:*5^^T. &zffii&mmmmicmit 

UciiihV^uhtT^^o o£t>. ^ 0 H B 



mmtisTit. m*f 1 x 1 0 12 cw/cm 2 ) ts 

£0 lns-200ns 
[0 0 2 2] *38BI3#H\ >"J3^xA«T^B 
««Wtf»ja*ti5 c fc«HRlc J: DJIBLft. UK 

(A) iPX*f*^ : >"jn>^x/\ 0P2 3 5 0/im, 

(B) U— if 

)t« : 4£»{*U-1ffflEN d : Y A G U-1f 
j£:ft : 1 0 6 4 n m 

U— 9%X#-yh»fffi«: 3. 14xiO" 8 cm 2 

HOKUMS : 100kHz 
;-\;l/Xiti :30ns 

: 20/iJ 
U— tfjflft* : T EMoo 
fflJttWtt : fi^flTt 

(C) MfflUVX' 
(S^ : 5 0{g 

NA : 0. 5 5 

f^SStc^-rsSia^ : 6 0^— trVh 

(D) iPX*fft»^«BStlS«H^O»ftaft : 1 0 
0mm/# 

[0 0 2 3] IDl 2 tt±8E*frT?01>— IftoXfclcfe 0« 

«i 3WM^nto^ 0 JJBfettfc: 
nfc»iUMiH«oj»**iao*:*S« 1 0 0 /imise 

[0 0 2 4] 1 3 tf^)t?»!Kfc J; 

y3>lfi^t^5 0/im, 10 0/irru 200/z 
m. 5 0 0 /iitk 1 0 0 0 iim(D&*lC~Dl>T±Mffl{& 

[0 0 2 5] MxH Nd : Y AGU— tfOjgS'efeS 
1 06 4 nmJClbVT, is U ^ >SfiOf»tf 5 0 0 \l 

mttToJi^ ^> u n >sffio^gPTt± u— 8 0 
%w±a5af 5<ii:*^^So hi 2tc^*r^>u^>^ 

x^M 10f^«3 5 0 /im7?»50T, ^^KlRtC 

1 7 5 pm©»#fcJBj«Stt*o C^*^t0S 
i^2 0 0|AmtOi/ij3>»)xA^#ft:t5 
i:> 9 0%H±4OT% U— W^'Jn^xAi 1 
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I§^1SS^6 61 (2 0 0 0^4/3) <DW>1 2K~~^7 
[0 0 2 6] 3/'j3>«)x;Mi, KiuuaiMt* 

KS!iar*cotijntta«»c:*«-ra«*fe»au ftp 
tojittmm(DftmmMmmm®*&&?z>m£r, mm 

[0 0 2 7] ( 3 ) 5fc ««« WJB*f b««<D«^ 

if)t**px3*ft«i ffljttfa?x) ortawcjiBttjft 

*-&*>-£T* *)tjaJc:i3»S«IStai«tf l x i o 8 (W 
/cm 2 ) JCt±T»3b^O/^l/X«*M n s«TO*ffT*l 

ltT3 0 ^;l/X«*S»Tffl< LT. ^ft^KiRfcinx 
^-5b^x^;l/^-tcfeft;^:*rte, ftPX#»»<Di*gffik: 

jsaHb3raesnTffl*f«fb«**«»«sn* 0 mw 

&fiW)±RBfiIkLTfcJ\ W*fcfl xio 12 (W/c 
m 2 ) T*£& 0 ><;l/Xfi*i«|*.tf 1 n sBTF#»£L 
<, 1 p sKW?5£!f$U^ ^mRiRfciSJB 
Sf«Efb««0»*H:. «*tf. ^4 201/- *f&*PX 
W^^fraX* (1 9 9 7^. llfl) 5M^S 

[0 0 2 8] 44fe^tt0fttttt«BOTr*. 
[0029] [Si Ml *lfefflBBaS<E>as i ffllcttS 

ifinx^rttJco^TBwrao eh 4tez<Djimci&m 
-f ipxs« i o o a, to l *«*-r s u-* roan 
*bic roas i o i *mm~t & u—vytmmm^ i o 

2 k. l^if)ttLOK««liB*#L^ol^1f*LO^ 
*5^— 1 0 3 k. ^*P^^j^57- 1 0 3TSIhf 



snfqu-if3ttL**«'rs*)tfflu>xi 0 5 k, m 

iwxfcffttti i tfMWZnzmmis 10 7k. icB^ i o 
7*X«l*ieoK:»lftS*afeft©X«lX-r-^l 0 9 
k, «cB^i o 7^Xtt^lRltcifi^*r§Ytt^fp»e»lft 
3#£fctf><D YlftXx-^ 1 1 1 k. «B^1 0 7£X 

zixf-^i i 3 k, Ln^ooxf-^109, 

111, 11 3(D»ll*#J»tSXf- S>*MMBl 1 5 
10 k, ^i^-§o 

[0 0 3 0] Z«7?fRlttiPX»ftftl<0«ffi3kltt^"r 

s*iRjaoT, ftix*MM* i *c Aftf-r s u— to l <om 

^agfiOTSTfRlkftSo £oT, ZiXf-v^ 1 1 3£:Z 
ipft^^tc^gi^^^ck^j;^. ftpxttft* 1 ©rtSK*: 
l^if*L©l«^P***>**2:i:««T**o Sfc. 

COIMP^X (Y) M^lRlO^ifttt. flPX»ft«l 
£:X (Y) «lX-r-^ 109 (llDfciDX (Y) 

mxmc&W}Z-&z>ct:i,c&*)fio 0 x cy) ixt- 
^109 din i«i#ao-wfcft4o 

2d [0 0 3 1] V— TOig 10 1 tt7WX U— If * 
t5Nd : YAG U— 9*T*fe3 0 U— TOiB lOUCffl 
l^SC tfkLT, COR Nd : YVO 

9\ Nd : YLFl/-W^y^77^7l/- 

£\ N d : Y A G L-* 9\ N d : Y V 04 9\ N 
d : Y L F U-if^rffli/^O^Sfjg-efeSo JSSf^fb 

[0 0 3 2] £ 1 flBTtttPXMjfc* 1 (DitQJLlC/WXls 

l^TU-1f*ttU-1fe-A*#tr*«T»So JRftfii 
U^X 1 0 5 tt*3t#iao— WC&So Z«Xr->*l 
l 3*il^^o«^*4pxj»*ortSPtc:-&to'a:a 

¥SOH9T8* 0 Mffll/VXi o 5*Ztt*iRiK:» 

[0 0 3 3] U— tfiPX*«l 0 Ott^S^. tlfel 

0 7 fc:tB«*tLfe*PX«ft* l *Rl«3tt«lfc: * DBHWT 

4o %rc&icmmm*f%£'?2>wmmytmi i 7 k. ^ 

^u-f^^-lO 3Rtf»tffll/yXl 0 5 kini; 

)t«±k:iBHsn^Riayfiffloif-~Axyuy* i i 9 

k, «X§o e-AX^'j7^1 1 9k»^fflUVX 

1 0 5 t<Dmfc?-f ?a«< v ? 1 0 3*^iBHSn 
Tv^^ 0 If-AXXU^y^l 1 9ii, RT*SJt«©»?j^» 

OTt$s^[pi#^9 o° ^x.s.fcSteKB^nTi/^o * 

iMSl 1 7^6^L/c^Itl3 1 c*g^lf-AX7 P U y 
* i l 9flB*4WS»*tu coEWShfcRTSB'Iffll 
so 3b^Y^a-r^^ = -7- l o 3Stf«tfflU>Xi o 5 
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ffi3tHBt8o 
[0 0 3 4] 9*liPX»«l 0 0ttS6fc, If — AX 
1 1 9. i^*u>f 1 0 3RXSm^t 

ffluvxi o 5fcRli;3ttl(i±k:E«*tite»»*?i 2 
lRtf»Sftl/>Xl 2 3£r{if*3 0 tltt3K?l 2 1 £L 
TteMxJfC CD (charge-coupled d 
e v i c e) i3*^ft%>*> 0 WSv^S^y^C/Sm^tS 

0 5. ^^P^7^^7-103, tr— WJ-;J» 

1 1 9*»»U Sfl/VXl 2 3T«{i2nTSf§fg 
^1 2 iTS«S*u SMR-r-*i:&*o 

[0035] u— rnraxsn i oonse^ 

i 2 i^6m*snfc»«7 ? ->^A**nati«T r -- 

zmm& 1 2 5t. *fftpxsa 1 o o±»t««rr 

S^tt»JWW 1 2 7 £ N 1 2 9 £rH*£o ffl 

3t« i 1 7 -ws* Lfc^&ytcom&bmm 3 ±tc^^ 

L'TXf- ^M»W 1 r'5^ZlXr-^l' 1 3«rgfft" 
•«f8ci:K:i5, W^©ftjft#«ffi3fc*3 J:5 

tu-rso .fcoT. afi*-^— ^fiasffl 1 2 5t^-h7* 
»i2 5tt, aft^-^sstbTaffiaosK^iaft^ 

l 2 7fc366tu ±*«WT»i«HWftSn, ^e- 
£ i 2 9£2£&nSo -t— ^ l 2 9 Kit*: 

[0 0 3 6] ^flcftOffilgS 1 2 7 Ktt, Xf- ^*Jfflffi 1 

1 5frt>(r>"r—2, mm^—z^m^i 2 s^&ois 

WH«asi 0 2, Mfgffl^Sl 1 7&tfXx-^iiJfflJgp 
1 1 S&Mm-t&ctlci:*)* u— *f*px^Hi ooi 

[0 0 3 7] m 1 4Mi 1 5*ffil^T, *Hffi 

&m<o& 1 iftax*ffi*Kwra 0 mi 5 

cou— ififpX7Sis*attra-rsfe«)<D7D--^^- 

[0 0 3 8] *PXJ*ftttl 1 0^c®lR#tt^HI^L 

-t* (sioi)c ^ic, ipx«*« 1 ojp^«»js-r 

£ G /PSO«^j^tftoX»*»l©JB»fs|5*ak:L 

t. 4px«*wi©z«i*fiio»»«*i*^-rs (s 1 

0 3) o CWi, U— *f3teLtO*3ttjSP*'llPX»**l 

»raix— tf)i6LoiiBi£ja*»pi: Lttttastam 1 o 
ztt£A4>»f(tt-?fte. cwidi^wiwi 2 



10 

7£A*2ns 0 

[0 0 3 9] iPXWftttf 1 * U— »f 4pX«« 100^1 
B^l 0 7tiIt8 o ^LT, HmmTtSl 1 7*6 
BT^«^*«TiPXJ«* 1 SKBB-r* (S 1 0 

5) o ira«nte«^S9>rv5**«rtpx»«fci 
oaffi 3 *ii«iR? 1 2 nctofflift-rso c<E>»«-r 

-*jcas^Tamx—*iBJi» 1 2 5 ttWRistta 1 

10 (S 1 0 7) o 

[0 0 4 0] L(DMf-^^Xf-^|iJW 1 1 51Z 
iMBti^o X-r— ^fflWW l 1 5tt, lOMt-^^ 
StcbTZfflX-r-^l 1 3*Z(**lRlO»i(l«*« 

(S 1 0 9) o dtlfcit), 1 7tDRl?M7 , d 

iPX*tfft«l 1 <0gi5 3 OSfcfcHlfcf*— Z?tmW$Z> 0 c 
0»*B«-r-5»*4±*»J»SPl 2 7^LT€-^ l 
2 9tc3M6n. CtUcJ:?)^-* 1 2 9^-^JBf^^^ 

"20 >-5^s»^^n8;" ~~ 

[0 0 4 1] £ftf&IMBl 2 7tCti^X7 1 'y7 P S 1 0 

3T^^nfc^i&a^-^^A^^nrfc»3. cto^ 

lir-^^Xf-^JW 1 1 5^jMe>tiSc Xf- 

^sroan 1 5 ti c (D&mm-r— 2 icg^r, u— 9 s 
^L©^^p*ipxj»«iortaiJka«fflB^, z 
WX-r-^l l 3K:«fe?)4PX«**l*Zllli*rRik:»» 
(S 1 1 1 ) o 

[0 0 4 2]^, U-f^Il 0 lfrBl/- 9%!^ 
f££2H±T. 9 s L **PX3*ftftl 1 CD^M 3 <D«» 
30 ^ffi^-f^SfclEBftrrSo U— y^L^^PtiiPX 

> 5 Initio b &c XfSXf 1 — >^ 1 0 9^Y$flX-r— 

5 tcjft 3 cfc 5 fcipx»A» i ortauKjeja-r * c s 1 1 

3) o fLT, iPXJt^l *9HrfS?>f>5lL»o 
TfttfSCfc^cJ:?), ftPX*f*» 1 SfflKTS (S 1 1 
5) o ctitCcfc^. 4PlM»l^^V3Vf7^ 

*^KiR*jEc*«**ffT*oftpx*fft«f 1 Ort^P 
fc*3ttjSP**to-a:T, M;l/Xl/- !f«L*«»rPS5 
^>5^MLT^o fLT, XiXf-^1 0 9^> 
YttX-r— e^l 1 1 ^^®j^H±^clhtCcfct>, ift^P 

*«riortWfc:jB*bT^So iPX»^©«j»frsB 
BfKifirBfrOfijft^ftS fc. ltaX3«W**JtKW/>*a 
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ScktfT-tS, cnt<fc»), toniMM*n ©*ffi3U: 

to o 4 4] */c, mi wctntf, tscaasm 1 1& 

>5Kf!HtLT</>& 0 iot, /<;l/Xb— IfttUiiPX 

l SriSlfiU toTMMm l oaS3T-l±^;W U 10 

[0045] W±HttWLfc«fc-5fcSi0iJfcJ;ntf, inx 
l 3 K^JBrP^-f > 5 A^^tifc^S 
use***, iai*f*» 1 *«Brr 

ft^s&satMn^ js«!b^ u £ c a < , ¥m#r v ? 

> ^m^mtDm^mmmm^ nfc xstgco £ 5 ic 

^®K«^^x#Jg/£2nT^Sj!jpxm»;:o^ 
*«Wf-rscfcKJ:»)f^»*ti«»a (AH* If 

[0 0 4 6] g=fc, fgiflijfr^nfcfs ioiM»l©g 
tB3 0«if^^^>5Si:?gB4L%(,^r% WSi^^y 

?5o cniciti. -feojjpxM^ 1 a^^iasns 
[0047] ^/c, mimic&titf. tuTttrnvbicDW 

[0 0 4 8] U—lfJtiBtt— OfclS6-r*ftTt> 40 

SBBfiSo* 1 Micas 9*ipx^ri**8ttwr *«s;h 
TfcSo cnti. eoou^' *rytmi 5, 17, 19^ 
6ffi««nfcHoou-if)t*ijpxj**» 1 ortspjc* 

yfijaP*-&to*TRasS'lR|35p6BB»LTV^o U— if 
JtSl 5, 1 7*^60*U— 1f)1fittiPX3«fc«|l O^BB 
3*^AS#-TSo U—tf^l 9fr5^U-ifftl±*PX 
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WTttEOOl^ ifftigl 5, 17, 19^^01^ 
P*flglSLTi^S#, ^BBticmkHHSSti-ri^— if 

[0 0 4 9] Hi 8ttU— »f)tai^«ftK:fc»S*||JI!i 
fBSiolg 1 »Jtc^SffeOU-ifipx^}£«:itt0^-rs«ie 

2 5, 2 7. 2 9^KTl^o 2 

7, 2 9<D&4ic&\,>TmvMz&mznrcu--y £ ytm 

SfcftoTlBfcOJDttjaPi. Pz. • - -*ra«rfcJB« 
tScl£#T#£<£>T\ iPXaS*|p]±S-BrSCi:*^ 

>r v 5 ^ffii^^^fpj^ if x^-v >-r s c k -ess 

• [o-o- 5 0]- [SrZMT 3*4MBB»oa-2Wfc:o " 
Hf«BT?*So *^tt»»ttlinx«ft*o--«T?ft 

3o JtaattWftkLTL i TaOsH 

45«tf 4 0 0 /imiSOEW^'JxA * 

[0 0 5 1] S2«§MgI^ BMfcl^tl/ 

-ifipxss i o oRtfm i9;H2o icxktmmfrz 
M^nso 01 9&tf0 2 o fc^-rsBiciot^TBiBa 

*fS 0 IW?9xa3 1W\ fiBJ¥«J:LT09iA 

h C7>r;I/20 3 3fc{SRF*tlTl/^So CO^x/n 
i/-h3 3«, Eli^^xAS 1 «r«^"TSffl!lOffi^ 

">x^v>— h3 3te, it>y;l/^;l/^3 5tct*Jt 

?nt, «cH^i 0 7±^7h^ o a*. 
^^x^a 1(4. 01 9^ti§J;^^ mcwmft 

^Elf^^Xf^^S 7t4[H]KgP3 9^rWLTU> 
^ 0 C^Ie]^gP3 9tt, KBIR^x/nS loaffilc* 

m^3 9®H(Cttffi£0mMta (8 0/imgfi) ^ 
^ntt^o ^:*5> S2 0(i, EI^xaS io 
^SP^^tC^agPk LTO»/J*>7V 9 MA 

- [0 0 5 2] ^tC, 0 2 1 tcS^V^T. S2»I^ 

ftWftk&S^ajSttWft (S2«mte^Tti, L i T 
a 03^6&SEE»«^»>x/n3 1) O^KiR^tt^ail 

^•r^ (s 2 o i ) o ^KiR«Ftt«. #ymm\m*m 
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\s-*r%m i o i srji^-f a (s 2 o 3) „ mzmicts 

l/^Tfi. S*^fi^ 10 6 4 nmT-£3^/l/X}£ (P 
W) M©YAGb-ftfIS?nt^5 0 COYAGU 
— +Ff±. /^l/XOi^*JiILJliSIS^2 OH zt'SD, ^ 
/l/Xi|>Stf 6 n s Tfet). ;^l/XX*;l/^ti 300/iJT 
£3o YAG1/- f*^ai^^nSP— fftL© 
X#7hili, 2 0^m@jS[T-fe5„ 

co 05 3] wm?imtim<Dmi£*ffli£.tz> (s 

2 o 5) o ^mWI^Jfi£#ffi££ftSi:, 

-^m.vm.ft&tDmtLm mmm) (S2 

07). U-*fKL(DmK£.<D%zliLm mnm t±. w 

nmtn<Dmz<D i / 2 ©»«:s8£sns. 
co 0 5 4] 02 2{c^$tis^3^. mi&ou— Ifft 

1) ©SEfr^V^C^lcfcB-rs -r& 

xr->*i 1 3<D»mmxwmmtim<Dmm*=ni& 
tick*. is-yytLvmytgwmiiLm mmm) it, 

LTS^?n5„ *<D&. X-Y-ZttXf-^ 
i660ffiJCfel/->T«, XiXf->*10 9, YiXf-y 
1 1 lMZttZf-y 1 1 3lz£K>mf&ZtlZ) ±IZ 

mmstirzmm-bi 0 7csLT-)iAi/-h3 3^^ 

(s 2 0 9) o gjw*f 

&*m<E>ScS«:i!$A5i^ iagUBftjUi 1 7fr£ft£m 
T, tlttlR? 1 2 1 T»©««MS*fc»3^T, U— 9% 

(S2 1 l)o CCT'tt, IUgJlftigil 1 7KJ:oTi 
p.tiSJES^ : ?'i'x>'N3 1 oaB^KIft««H»3R? 1 2 

itioatu aMS-r-^araasi 2 sav 

»^©SB±7M*^J: 5 ZiXf->' 1 1 

3 0giJffii^giiSL, X-r-^JWg|5l 1 5tHi*t 

3° x^— ^jwanan 1 5(±, a®T f -^5aagpi 2 5 
frzomtim^icm-J^T, zixf-^i 1 30M 
<&■#, 1 7^c,mtt?nfc7tA^Bf^ 

Si5tZ«Xf-y 1 1 3«rSiJ®-TS 0 
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co 05 5] feSHiftsi 1 7frt>mM-$nrcft<D7* 

cs 2 1 3) „ ll-ps, «jw»**mojptsRtfja*f 
*K3*ns Lrsbesnfc u— 9% l <o*7t£©^{i»# 
»tztxf-yi 1 3^ru— *rytL<Dyt*tiJjmz&m 

olc, 2 7*^x-r-v ; $)jffl!gpi 1 

1 1 5tfzttxt-^i 1 3©£»<&B*#j»-rs. ± 

f->*l 1 3 £■ U— 9% L O^fftTa fpjtc^ift?-^^ C fc 
EB*^7f5 (S 2 1 5) o 

c 0 0 5 6 ] u— tfft l ©*^o^»f *tmttm<»i*tf$ 

f-^l 0 9MYiXf-^l 1 1 (S 

2 17), U— «f)t«l 0 1 4«5Hi»2nftW 9%L 
•20 "TiV'BI'2 2fc^*n««t5'K:V'JtOttfflU>>Cl 0 5£«k 

*)> »«f*ll»aP3 9©M»::JK«*nfe3rS<OBa»a 

lortgpic^^p^fizB-rs.t-pcft^nSo ±M 
smssgp 3 9 ©p^fc^^nfep^K u— fjt l #sgat 

1 2 9T*BffiS2L**^b— f^L^M^tX^C 

so C 0 0 5 7 ] C C T\ ^J»f^M*4^Rg*f^nS U— 9 s 
ttUi. Mffll/VXl 0 5 Kit). M2 2^241.3 

•r si) ic&i$.-$tirz\3\m& 391; u— 9*^ l 

— tf« L ^BgWSnftV^ft *T U— !f 3tt L $Mt3 C 
U— 9 t JtL ^088^53 9EAJit«<D*86C 

CO 0 5 8] b— 9*Jt» 1 0 1 fr&lUSfSftfcU— ff« 

40 l*, jes^^x/ns i©rtgpt*^p^fitB-rs 

^•Stcm^-yr, tKO^ye^PtcfettSb— 9*«L©x 
coffiH^^i^3 l<DF«ggPlc*3(tS*^PStf-?-<D 

«K3«i*fs ffitif>iA3 1) ©asat;a 

C0 0 5 9]iX;C % 13 2 3—0 2 7 tg^T, U— 9 s 
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L*BH«'r*CfcK<J:0. 02 4Rtf0 2 5fc^S*lS 

fc, l/-f * L OM^^ * L O^il^Mt S 

ttWttfttm 3 2 os^^ d jc»»-r s * -5 tc, 

[0 0 6 0] U— *F3tai l 0 l 6 fc* U— 9* ft L 10 
x:Kfcffia*<*n£c:*:fr£K U— FJttLOjBi&S^a: 

tt. 02 5^H5J:3ts «Kff*f^»*43 2co«# 
*IrI D IciBoT U-tf ft L ©^Itit* &2> ^tt«Wr»* 

jfeaBStf*S^tt«W»*WB3 2CD^®j^ffl^31<^ 
02 6lZ7K-$ti2>£olc^ ?^y?mi£ 
9K©BH*JE< LT* fKti§^77^H9« 

ic&K). 02 nz^nzkoic, ??v?ffiM9b\ 

TJIrU t-ftto^U— 1f3tLO«3ttjSO»«|^|Rlfc:»oT 

h (Mi&'£ft%* : 7y*fm l 9(D$so omti*> if 

«LOI»0ilL«iSa»Rtf«IBf»*«»3 2 (XiXf 

jILHi6StRtf9J»f»*#S3 2 0»»3ftR**<-r« 30 

[0 0 6 1 ] ±aLftBfao«IK^<#— >fc:»oT*9 
•y^M9^M?Mi: (S 2 1 9) , ftlft^ffl 

«9*^jgj«*nfcfi[«T9iWr^ra (s 2 2 1) 0 

[0 0 6 2] ^t:, 02 8-03 2*#»LT, 

BfiOSI»W^>lciftoT*?y*iW9tfi8 
**hfc«»f»»«3R (BE«S?*x^3 1) tt, 
^;l/^;l/^3 StC&Jf^nfc^x^-hS 3 

CWEEmm s iPJBE-— H;I/3 6 fc*<Din 
X— ^^ffll/^C^^T^^o &4b\ 0 2 8—03 2 so 



[0063] j±mm^^^3 i *<«iBr*fifciE«sn 

^y:/3 7k:»j6-r«ffi«K:»3l?-iE-y*3 4 
W<o «3I^***3 4*2*f SEE^r^X^y 
^3 7Ci^feb<tta»«*ft«WT!R3l*>^»lt 
*ft»S**Cfc:K:J:i), 02 9fc^sn*±-3fc:, 5S 
3l^>y*3 4t»it«ff*f/WXf7y3 7 (H 
lif)xA3 1) £-®*2-ti:£ 0 K3l^**y*3 4fc: 

i) 03 o^n^«j:^^ 

^>-h3 3<7)IS (ElifJiAS 1 tfffijf Sftfcffi 
Oil) W^e^fSfrSJEm^WX^^^S 7£*fJS 

[0 0 6 4] inn-— K;I/3 6^xA^h3 3 OS 

*>x^>-h 3 3A^Jg"rs^«ti:iPEE-— K;l/3 
6lc&*)E£mm i ?VjL;\3 HcHgP^ejS^^EPAP^n 
T. ^^»y*®«9*^^nT^S^x/NgP^jS* 

W5fe"c r^7 7^ ssm 9 ^flcS'-r a o ir^y vmm9 w 
<fctu eii?^xa3 n±, 031 icssnsj:? 

fc. »K-rSEE«T r ^-rx^^^ , 3 7©«SgMcfc^Tgj 
i^nt, Elf/WX^7^3 7^Eli?»)xA3 

l^&^at^nscfc^ftSo ^xA^/-h3 3 

2nfcff«7vWX^y:/3 7#mS^SO*IS<*c:£ 

[0 0 6 5] EffA*^Xf7y3 7tfEWf)i/N 
3 l *^iMK^tiSi:eR5l^^^^3 4&tfiraffi-— K 
;l/3 6^^xA^-h3 3*^&dn*#lRllc»ft;£-& 
5 0 ®3l^-\-y^3 4&rttmffi-— K;I/3 6*<»SrTS 
^«tffnfcffillT f /WX^^^3 7tt®3l?-*y* 
3 4tc®SLTl/^OT% 03 2JC^tiSJ:'5tc, 
xA^h3 3fr6I?nSili:li:&5o CO^i*. 0 

-^0 3 2*^03 B7jfP]tC^^. #»£ftTK3l^*'y 
^3 4tKSLTt^ffff^>fXf7^3 7 *>x 
AS/-h3 3fc«}#SnTV^ff«*?«>xM3 1 (* 
ffi) i:^t>x7^bTi/^o ^*>j^T 

C^T^Bf^fK^n^ffm^^X^y^S 7ME1 

m^^x^3 i oaa**!55 cfc^tartcfcK 

*fc*9v*««9W»«Sftte«K3***r»fc:«bT 

«W9*^*snrv^ifs*»fci!^**flfei:s-a: 

T> ^5y^««9*«***T«BfJ«fc*J»*«»f-r 



(10) 



2003-1 458 



17 

[0 0 6 6] £<D£o\C S2W»Ci3^Tt±, MftmU 

-urn*, to*3^<«iasatt»» ce«*?*x 

^3 1) Ort»»cffi1W*J:5fc:l|}1fi'r*cfc-p. SI3tt 

> y » * t ^ tt»«affiT o * 5 ^ * wrassw « «rt£i4 

SftStttfiRLhU «Wff*iRio«W**Jifcff.5 e: £&n 

[0 0 6 7] Sfc, ftaWW*ffl4PXH:3j||«a£ffc*fc:J; 
«nft*5y>IW9*Wm}^tt«« (EES 

i?^xa3 1) *«K-r*o-e, »*snft>5y> 

[0 0 6 8] $7c. ftlEE-— K;l/3 6 *flJl,>Tftj8i&H: 

[0 0 6 9] £fc. 1tgfccD[e]gggP3 9*TOj«2ft;rdE« 

73 7*fc««5Mrr**fr, «tffll/>Xl 0 5tcJ: 
t)> KS*rS[HlKgP3 9<DBIIcUBj«snfeBBI«fc:BStr9 

^x^3 l^ssn^^jBf-rsc^^-e^So 40 

[0 0 7 0] 3:7c. T^SiittTO (EE«6?->x^3 
[0 0 7 1] £7c. S2Mt^ttt OmtttfiSi: 
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££&T*Z2> 0 

[0 0 7 2] Sfc. S2«|IC^TI4, KHSG 

i:«fti/\> £7c, S2fflfc::te^T«\ XMLf^-Slc. 
SMtaXfcT*8iSn*fc«>. ftS»tt*m*^±fc«l 

ifjHBi 0 1 «j»f-r**aifltt»»o)t9a 

!R»tt»caj6LTaciGlRpIj||-paB*o Sfc, S2HK 
cfc *) 9 *JB/£-r S cfc a fc LTl/>S 

Mi 0 1 ^Lti^^xi/-flig (rch^.tf. 7x 

& c fc a < ftaattttfM&aK-r * ^ ^ # t*# 

[0 0 7 3] U-lfJjDXgBl OOlCfc^T. Z 

fillXf^'>*l 1 3 c *TJtL<D 

§Ci:^<, ftftfflUVXl 0 5*l/-r1f)eLO)ti» 
[rJ^^Kj^^^ C^tcJ: S :7*-#XiBg*ff-5 cfc -5 

[0 0 7 4] 3; »fiOXSH 1 0 OlC^X, Bf 

[0 0 7 5] »3l*-irv*3 4 KBEWIH^xm 

3 1 *K**-&fe«tc x toff— — K71/3 6lc£VI±mm 
^?^x^3 1 ^r^Sff-r^ JcaiCLTU^^. cn«g£, 

n^c:i:*<. ipjE— — H;i/3 e^cfeDMiR^x/N 
i/v a*5, m\**vZ3 4tcffm^?^x^3 i^bs 

a^^fc^tc. iPJE^— F;l/3 Stc^DEES^^x/N 
[0 0 7 6] Sfc, tMME?l 2 1 fcbT**M«ffl<Ofe 
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— £rffli/\ z.oy;\— 75.3— k.U— *fftM l 0 l tcom 

icu-ifTfeMi o i ^<DmvK*m\\-$z>&=>&yt¥m 

WSEfcfi 1 -5 /c 46 CD U— »f L Ic «t t> SJ»B***mK: £V 
[0 0 7 7] »2ffi|0«^3^5*«WO«p«*WTtK 

Co o 7 8] *«wK«*3 | taatt»so«i»f3era»4» 
[0079] *?mtefa%ytm&minnwftyi&v 

•3s StttftKTK, f7t:>^ 
5l,>«*mgBQT©*5 y ?mt>m±-?2>~vimftt>Mib 

ffiZ'bz l^vymMmtnfrzw 

[0 0 8 0] *5!B^jC^S^2liatt«i|4©«JBf* 

[0 0 8 1] Sfc, *»Wt«*J1fiaifltttf»0«J»f* 

33MMW0lBltt0t£i;«cfcU:a:b'>. *»Wtc 
&3ftS®tt#^©^;£i£fc43^T«, ±MLfcJ:-5 

[0082] sfc. tnkoiieflw 
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fctt» BW-T*lHl8S»oiBfcJB««nfclH«©fil[|l»i:te 

[0 0 8 3] 3JcKg|3ffMX@tt5V-T, ftS$14 

10 sew tf^Bgiwrs^t, laiKgpkiu— vytwm 

WbMlI8&SlHcASfr3©£te<*Cfc#Tfr, @SS^* 
[0 0 8 4] 3=/c. ^M^fiJcigtrfei^T, ffcifoS* 

S C tic*, K> , &Kffi**3^©S»:£f fttjBo TJttt 
LT, «JWO*(filft!l»*J:t)— »SSK:ff3<ii:*«T* 

So 

[0085] *mwfc&zftmmmtn<owmJ5mt. 

30 [008 6] *»Wfc«*y6affltt»»09IW*ffi T? 

^©fiiBtCTJtSStt^^lffi^nS 

tr > wmm&m t© * ? >v ^ i?*««^-r a rt^ 

^RTtit&So cn^o^s, *^tcj;ntf> <sj6t 
[0087] *«refc«a}taiiatt*fs«o«iBfs- 
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[0 0 8 8] g=fc, *5^fc«sft^te*m©9jRra 

st^ra, * ^ -y t? is—ymc zzimm 
nst*tt-5fc«>, y£affltt»«*^t«iwLftv\ ft 10 

[0 0 8 9] £fc. ^BfXglCfeV>T. 

^5rtl?€5 ttCi Sft&MttW^^JBr-rsc. 
fctf&$LV>. C©<fc5tc, ^BXatfel^T, tBj&2 

nfc * 5 -v **jfcss-&* c fc ic «t d jfcajfltttf»*«j 

»tt*m*Wf&fc:U!]»i-r* C 

[0 0 9 0] gjBffXSKlfc^T, J¥JEg&*f*ffl 

</\ ftiti®14*mfc: Sitf]&tuA Z£ t lt£ K> , ^7 -y * '" 26 
5:ffiSS^TMIMS^Bit 5 C ttf Iff $ 
C©<fc5C SWrXSfcfcl^T, WffiSS#*flU,\ ft3 
JS^^riP^. kiltie J; 0, *-7<y*#j£R2 

[0091] *«wt«*)tabatt»»o9iBf«««, 
— <mig*>6ffi»?nftb- i if it*, *<nmt&.i)mm 

So 

[0092] *«^K«*«aiattw«o«i»f«B-p 
jBjasnsgjKwoffiBTfjtaiattWfi^^iwf-r*© 

£-r*RJBttt>««>Tffi<:a:S„ *fc, ftjSiI14tt*4 
It, &StgB£&oT3J»rSttS©T\ «JW<D#lRl*5£tt 

3: fc, 2V t€> -y * 2V •> >7lz. it L T, 

w-yy^/hj < -rs ifctfTt, i ooftaatt 
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[oo9 3] sfc, *awfc«*«ajatt**«o«Bf» 
[0094] *fswc«*ftaBtt*m©«w« 

ffM£nS7ci6, fie3fc©SW<D<fc^tc^-i'-V*>K*>y 
£ lc ± 3 ^ v-i^'lcfcttS 7 U— K©»y\1t, $&£ 

B&tfl^tfttfciS^H^nXfcTiBjSStlSfca, ft 

<*5W^->ii:»oT > ftaatttm*iswr 

[0 0 9 5] *«Wfc«sy£aStt«»©«JR«fltt» 

u— *f*Bfc» 3taatt*m*«j*rs««*ak» 
— vytmfrzmmznrcu— *fft£, ^©^ft^ftii 

ilttW«-"©"f3gPlcfitB-rs«J:-5 fcUfeft^-SSft^B^ 
*©ifiBO*K}g«Sn* * 5 -y **J8S«-«*Tfta» 

[0 0 9 6] *^fc«SftB»tt#JS©«JWBfi-e 

JwfflS L < »y£¥MI&»ttB t J: o mf&snrc * ? «y ^ 

(fi<, ^v^>^fi, ^■•y^yy^^itmmmrco 

Zo ^■V*>'F*-y^K<J:5^-<-> 
> ^ t Jt L T. ^-Y -> > 7<mit'b-2£ <•?%>££&?%. 

[0097] sre, *»wfc«**fiaatt*rso«jB« 
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[0098] *5BflK««yssatt*mo«i»fSi 
[oo9 9] sfc. «»r#sa. 3ta»tt»Sfc:js*i* 

*> ftjSiltt W^tc JS^i £ EPJbP L T * 5 -y * *fiicg * 

[oioo] src, jtaiftttastt, *toaffijcttao 

tt«S»»©l*3«PK:|RJ«jiS*^H-r S «fc 3 K U— »fft* 
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